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(54) Title: IMPROVED HOCKEY STICK 
(57) Abstract 

A hockey stick has a head (3) with an en- 
larged gape (20) with an extended toe height (T). 
The stick exhibits a circulation effect whereby 
when placed face down on a ball with the low- 
ermost part of the outer edge of the stick in con- 
tact with the ground, the stick may be twisted in 
one direction to the open stick playing position and 
in the other direction to the reverse stick playing 
position, whilst the spatial position of the. stick, is - 
not varied and the outer edge is in rolling contact 
with the ground and without disturbing the ball. 
The head also provides enhanced catching features 
which provide significantly increased control of the 
ball during play. 
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Improved Hockey Stick 

This invention relates to improved hockey sticks, and in particular, but not exclusively, to hockey sticks intended for outfield 

players. 

In this Specification, various terms are used to describe the shape and geometry of the hockey sticks of this invention and 
5 these terms wiU now be explained with particular reference to Figures 1 to 8 of the accompanying drawings. All measurements of 
distance or related constants are given in centimetres (cm), and all angular measurements or constants are given in degrees. In the 
accompanying drawings most of the various embodiments of hockey sticks are viewed from the back, (he. showing the nofvptaymg 
side) and references to vertical, horizontal, rearward, forward etc refer to the stick when viewed in the orientation of Figure 1 r that 
is with the axis of the handle and shaft generally vertical, with the toe pointing away from the player (i.e. forwardlyh However some 
10 are viewed from the front (U. showing the playing side of the stick) and this will be apparent because in these. Figure* the toe will 
be td the left of the shaft as viewed. 

Playing on the open stick means playing the stick forehand in the usual attitude with the toe of the stick pointing away 
from the player and the bulk of the stick on the player's right hand side, and playing on the reverse stick means playing the stick 
backhand with the stick flipped through 180° around the axis of the handle, so that the toe is nearest the ground and the bulk of 
15 the stick lies on the player's left hand side. When the stick is held on the reverse stick side with the free end of the toe in contact 
with the ground and the shaft held more or less parallel to the ground, the action is known as a reverse stick block. 

The traditional form hockey stick is made up of four portions, namely a handle 1, a shaft 2, a head 3, and a toe 4. The 
handle extends for the upper part (e.g. three-fifths or so) of the stick, merging with the shaft 2 which occupies the majority of the 
remaining part of the stick. The head 3 occupies a small proportion of the vertical dimension at the base of the stick, but the bulk 
20 of the horizontal dimension. The head lies intermediate the shaft and the toe. The toe 4 lies at the lowest free end of the stick, 
and the region of the outer edge of the stick adjacent the merger of the head and the shaft is referred to as the heel. The front 
area of the stick is known as the face and is the allowable playing surface. 

< ■ ~ The perpendicular distance across the face between the edges 5 and 6 at any point is defined as the width of the face 
(F). The edge 5 furthest away from the player when the stick is held in open stick is the inner edge and the other edge 6 is the 
25 outer edge. 

The handle 1 has traditionally been straight in the vertical dimension and the central axis of the handle has continued 
directly into the shaft portion which has also tended to have straight edges 5 and 6. 

In many conventional sticks, the frrst rorve is forward in direction; beginning at and defining the upper extent of the head 
portion 3. A forward curve is an anticlockwise rotation, when viewing the back of the stick, starting from the handle end and moving 
30 towards the toe end. 

In a traditional stick, the head may be taken to be the curved portion at the base of the shaft, the notional dividing line 
between the shaft and the head bang a horizontal line running through the point or region where the generally straight outer edge 
of the shaft meets the outer curved edge of the head. However, if the shaft of the stick incorporates a curve before it reaches the 
head, the head is defined as the lowermost forward curving element. The notional dividing line between the shaft and the head in 
35 this instance is defined by taking the lowermost vertical tangent line to the inner edge of the stick, and the lowermost vertical tangent 
line to the outer edge of the stick, determining the higher point of contact of these tangent lines to the stick, and taking as the 
notional dividing line a horizontal line intersecting the higher point of contact. 

The head although predominantly curved, may- have straight or near-straght sections within it that break up tte 
of the inner or outer edge of the head. 
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The toe 4 is usually rounded, forming the lower end ol the stick, heving . distal .doe which meets both the inner and outer 
edges of the head. The notion,, dividing line ol contact between the head and toe is defined by reference to the principle .nflexten 
poi „, 7 on the inn. edge of the head. i.e. the .est inflexion point before the edge begins to curve convexly into the toe. M,nor 

a 2cm extension upon the he*. The toe nv, be cut .way or truncated as shown by the dotted .ines 21 . figures , end 2. Lkew.se 
the heel may be cut away in some sticks, as in Figure 36. 

The current ru.es of the g«ne ley certain restrictions upon the shape of a stick. These are detailed with reference to figure 
4 The width of the face of the stick IF) must no, exceed 5cm and the stick must pass emir* through , ring of ot 5cm 
M diameter known as a "stick ring'. The height of toe IT, must not exceed 10cm. Further the Ru*s Board make the foUowmg 
retomrowd «i (U u the forward deviation Ktt sheufd not ex** 2cm. the r«rw«d rtefe IW xhou.d not exceed 2cm. 

Over the y*rs the design of the hockey stick has chared from stick, with .ong and p* curved heeds to sfcks wrth 
short »d,or tight.y curved head, Figures 9 (a) to In, show schematic** the varietion in stick de*gn and its development over the 
years, with figures 9 (o) and Ip, showing sticks in accordance with the invention. 

AH sticks hav, three operenonal axe, each being defined by a line that runs from the top of the handle to the base of 
th8 head. The rotanona, axis of the hand,, runs down the median line of the hand* and continues down to the head. The spa«* 
uis starts at the top of the handle and ends ,« the centra, rotation point of the head, that is the lowest print of the outer edge 
„, the head, and is the predominant axis of rotation in gam. p.ay due to the physical presence of the head agemst the ground. The 
Mis „ Mance is defined by the line of even weight distribution down the hmgth of the stick and i, the «ne that the snck woUd 
most comfortably rotate around in free space. m 

Mace***-!***, km********'"*'''**''"**** 

furthermore. H k *»..bk .. ta»- * **» -*» —* — * *** » **« "* " 
balancing « Mm -* m t* » » «— » I— * f-* " ' — " **" *"* * " 
Mn» m <ta lUck a»rt «•». oreaaaad when in . awrsa tliek Mock. ,„„„ H ^ 1 ,„ 

IT, - » • * - - — - - - - - w ~ - ■* - *- * 7 7 

balance away irom „ ^ , cofnDac , with a sma« «pe fas herem defined), generahy tess titan 1 Am. 

displacement w 2arr and the head produced is substarnietiy compact wmt.smww* 

SUBSTITUTE SHEET (RULE 26) 
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British Patent 22057578 discloses an arrangement in which the lower end of the shaft has a zig-zag shape comprising a 
forward curve 19 continuing into a rearward curve and a correctional forward curve from which the head curves around to provide 
a small gape {as herein defined) of typically 1cm (see for example Figure 9(k)). This form of stick is better balanced than some of 
the above sticks but still exhibits only a compact playing area on the open and reverse stick sides and the gape (as herein defined) 
is likewise small. 

SUMMARY OF THE INVENTION 

As a professional coach, I have analysed the features of existing sticks and also the dynamics of the strategy of the game 
itself. I have found that player's skill and ball control can bo considerably improvtd by re-designing the stick to provide dm unusual 
and innovative feature of a catching region which allows a player to cradle the hockey bail what on the ground to allow stable 
catching and movement of the ball, which t refer to as "catching". Furthermore, in the preferred aspects, the catching feature allows 
the potential for the stick to be roHed around the ball from the open to reverse position and back without having to lift the head of 
the stick from the ground or vary the position of the hands from a comfortable dribbling position, whilst leaving the bail undisturbed 
in the process which I refer to as "circulation". 

Accordingly, I have designed a range of hockey sticks which have enlarged heads exhibiting a generous gape and which 
are shaped to allow closer control of the ball when the stick is used face down to trap and drag or swing the ball along the ground. 
In a preferred aspect, when the stick is used to propel the ball from side to side from the open to reverse stick in a comfortable 
dribbling ection the illustrated embodiments are guided by contact between the stick and the ground, thus providing a novel effect 
not available in prior art sticks. Furthermore in their preferred configurations my range of sticks provide good mass distribution to 
assist balance and handling together with extended and balanced playing area for both forward and reverse stick shots and control 
whilst preventing the passage of the ball beneath the shaft when the stick is laid in a reverse stick block. 

Accordingly, in a broad aspect, this invention provides a hockey stick having a maximum gape (as herein defined) of at least 
3 cm between the limbs of the head and the shaft. Preferably the head has a curvature of at least 140°. The maximum gape is 
preferably at least 3.5 cm, and in some embodiments approximately 5.5cm. 

Depending on which control feature is required, the gape (6) and the maximum gape height (H) may be selected in 
accordance with one or more of the following relationships, as follows: 

6 > 7.7 • 2H/5 
G > 7.65 .4H/11 
6 > 10.3 -4H/5 
6 > 5H/6 • 1.25 

Advantageously the gape (G), the perpendicular distance (U from the centre of the gape circle to the centre of a notional 
hockey ball cradled by said gape circle, and the gape playing angle (or) (as herein defined) obey the following relationship: 

G > 2 I tan a 

Preferably the toe height (T) (as herein defined) is greater than 8 cm. 

Preferably the overall width of the head (W) (as herein defined) is greater than 12.5 cm. 

Preferably the circumference of rotation (Cor) on the outer edge of the head between the open stick rotational contact point 
(RCPo) and the reverse stick rotational contact point (RCPr) (as herein defined) is greater than 11 cm 
in the preferred embodiment* of this inverrtim the playing surface d 
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3 f and preferably is greater then 4.5 cm. 

The stick may advantageously incerporate a rearward curve in the region of the stick adjacent the merger of the shaft and 
the head. Likewise a zig zag configuration may also be edvantageously incorporeted. 

The heed of the stick mey have a lace with an inclined or shallow conical profile. 

The angle or- angles of inclination of said surface to a notional vertical plane mey lie in the range of up to 20'. and 
typically from 5° to 15*. 

In another espect this invention provides e hockey stick wherein at least the head is formed of a plurality of laminar 
elements having interposed therebetween reinforcing elements of a mntmm material. The Itonar elements may extend m planes 
ganerally parallel to the playing surface of the stick, or they may extend in planes generally perpendicular to the playing surface, and 
jenrtfy follow to line of the curve of the head. The tori oreing material may be sriected ton to group comprising carton fibre 
materiel glass or miner., fibre material, and synthetic fibre material, such as quartz aremid fibre. The reinforcing elements extend 
.cross substantially the whole of the width of to laminar elements, or they may be at least partially received in recedes ,n sard 
laminar e.eman«s and extend .cross only pert of the width thereof. The laminar elements may be of wood but other matenels ere 
not excluded 

According to .nether aspect of this invention, there is provided a hockey stick having an enlarged heed region incorporetmg 
the stick heed, the heed region befog sheped end dimensioned with regerd to the diameter of , standard hockey ball such that from 
a position in which the stick is placed fece down on a hockey ball with the lowermost portion of the outer edge of the head on the 
ground, the stick mey be twisted in on. sense to en open stick playing position and in to other sense to a r.verse suck playing 
position, in eech case with the outer edge of the stick in rolling contact with the ground and without significantly disturbmg or 

encroaching on said hockey ball. 

Whilst the invention has been described ebove it extends to any inventive combination of the feetures set out above or m 

the following description and drawings. 

The invention may be perlormed in verious weys end verious embodiments thereof will now be described in detail, reference 

being made to the accompanying drawings in which: 

Figure 1 is a back view of a hockey stick for identifying the various parts thereof; 
Figure 2 is an enlarged view on the lower part of the stick of Figure 1: 

figure 3 is a view on the front of the lower portion tt a hockey stick of this invention with an enlarged heed: 
Figure 4 is a view on to back of to lower portion of a hockey stick in a reverse stick Mock; 
Figure 5 is a view on the front of the lower portion of a hockey stick similar to that of Figure 3; 
Figure 6 is . view on the beck of to lower portion of a hockey stick, illustrating the peremeters PSHE and PSTE: 
figure, 7 1.) and (b) are views on to beck of the lower portion and to whole of a stick in accordance with this inv.nt.on; 
Figures 8(e) and (bl are views on to back of «h, lower portion and to whole of e stick in accordance with this invents 
Figure* 9(a) to (p) are views representing prior art sticks ((a) to (n|). and sticks in accordance with this inv.nt.on do), (p)): 
figures 10 (a) and fb) are a perspective view from above, end . side view respective of a stick exhibiting a ton 



effect 



Figwes 1 1 (a) and <b, are a perspective view from ebova. and a side view respectively, of a stick exhibiting a cradling effect: 
Figures 12(a) and (b, ere . perspective V*w from ebove. and a side vi«v respectively, of . stick exhibiting . cupping effect: 
figures 131a) and (b) are a perspective view from above, end a side 4m respective., of . stick exhibiting a treppmg effect: 
FHpm Vm « « a perepectiv. vhrw horn ebm and . side v*w respKnvei, of a stick exhibiting an 
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8' passment affect; 

Figures 15(af and (b) are a perspective view from above, and a side view respectively, of a stick exhibiting an absolute 

encompassment effect; 

Figures 16 and 17 are schematic views of the geometry of the ball and stick; 
5 Figure 18 is a graph of gape (G) vs. gape height (H), indicating various desired parameters; 

Figure 19 is a graph simitar to Figure 18, but with additional desired parameters; 

Figure 20 is the graph of Figure 19, with various sticks according to the prior art and various in accordance wittr the 
invention plotted; 

Figure 21 is a diagram representing circulation from an open stick playing position (far right) to a reverse stick playing 
10 position (far (eft); 

Figure 22 is a schematic view from above of the geometry involved m circulation from the open stick playing position to 
the reverse stick playing position; 

Figure 23 is a detailed view of the front of the head of a hockey stick identifying various components and measurements 
referred to herein; 

15 Figure 24 is a graph of width of head (W) vs. playing angle (a); 

Figure 25 is the graph of Figure 24 but with various prior art sticks and various sticks in accordance with the invention 

plotted; 

Figure 26 is a further graph of gapB (G) vs. gape Height (H) similar to Figures 18 to 20, with additional criteria indicated; 
Figure 27 is the graph of Figure 26 with various sticks according to the prior art and various in accordance with the 
20 invention plotted; 

Figure 28 is a graph of height of toe (T) vs. height (H) of gape, for various sticks according to the prior art and various 
in accordance with the invention plotted; 

®fc Figures 29(a), (b), and (c) are views on the back of the lower portion of a hockey stick in accordance with this invention, 
and on section lines AB, and CD respectively; 
25 Figures 30 (a), (b), and (c) are views on the back of the lower portion of a hockey stick in accordance with this invention, 

and on section tines AB, and CD respectively, and 

Figures 31 (a) and lb) to Figures 40 (a) and (b) are views on the beck of the lower portion and the whole of a selection 
of further sticks in accordance with this invention; 

DETAILED NOMENCLATURE AND GEOMETRY 
30 tn this description I refer to a number of measurements in the stick namely the gape (G), the height of gape (H), the width 

of head (W), the height of toe (T), the forward displacement (Cf) end the rearward displacement (Cr) atl of which can be measured 
directly from the face of the stick and are represented in Figures 3 and 4. Two further measurements, namely the circumference 
of rotation (Cor) and playing surface toe extension (PSTE), may only be measured knowing G and H and then via outline drawings, 
and both are represented in Figure S. 
35 Broadly speaking, the Gape circles are notional circles that lie between and are not crossed by the inner facial edge of the 

head and/or shaft. Each circle should make contact with the inner facial edge at no less than two points that subtend an angle at 
the centre of the circle greater than 90° and preferably at least 180°. tf the radially inner pert of the playing surface of the stick 
should be. chamfered or routed to provide a seat to receive a ball, the playing surface of the stick is deemed to end at the change 
in profile on the front part of the stick ceased by chamfering or routing; and the chamfered or routed region is ignored: In sudr sticks 
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the e dimension is measured between opposite inner edges of the playing surface. The subtended angle should be meesured from 
the highest contact point on the shaft or shaft side of the head, downwardly towards the head and back up to the furthest contact 
point on the toe or toe side of the head about the centre of the gape circle. Gape circles that have a diameter greater than 7cm 
(the diameter of the ball) are excluded from consideration, and where no other gape circles less than 7cm diamBter can be defined 
there is considered to be no gape. Where contact on the right hand side of the gape cirele is made only with the toe (i.e. past the 
last inflexion point on the inner edge before the convexly curved edge of the toe) the catching action produced will be of a dragging 
type (as herein defined) and hence such gapes are disregarded (with the exception to be described below), and for this purpose another 
gape circle should be sought. However where right side contact is provided onfy by the toe but a rearward curve exists in the shaft 
which provides left hand side contact between the shaft and ball above the centre of the gapa circle, which in so doing subtends 
an angle between the furthest contect points of at least 180°, such gepe circles can be counted. 

In most cases the centre of the gepe circle wiH Be below the highest extent of the toe; where it does not the highest 
contact point on the toe side of the head should subtend an angle about the centre of the gape circle of 50° or more meesured 
anticlockwise from a vertical axis passing through the centre of the gape circle. Thus sticks in which the tangent to any part of 
the inner edge of the toe side of the head is inclined to the horizontal by greater than 50° can legitimately demonstrete a gape circle 
having a centre which is higher than the toe height (provided the gape circle doe not contact the toe itself except where e rearward 
curve in the sheft provides contact which subtends greater than 180° with the point of contect with the toe). 
The gape (6) is the diameter of the gape circle. 

The height of the gape (H) is the vertical distance from the ground to the centre of the gape circle whan the head of the 
stick is in contact with the ground and the handle is held vertically. 

In considering the espects of this invention it will be noted that a stick may have severe! or a continuum of gapes, of which 
the most important are "High G", "Low G", and "Big G", being the diemeter of the gape circles with the greetest gape height (H), 
the least gape height, and the greetest diameter, respectively. In any sticks, two or all three of these may coincide. 

Likewise eech gape circle selected will heve e height (H) and so numerous configurations of (G) and (H) may exist, but sets 
of values for a stick may be precisely and accurately determined, and where appropriate the sett of values defining (G) end (H) for 
a stick may be enalysed in turn, figures 7 and 8 illustrate different gepes end corresponding meesurements of G and H; in eech cese 
the higher circle shown would usually be disregarded because of leek of right sided contact with the heed. 

The width (W) is the greatest horizontal distance across the face of the stick between the outer extremity of the shaft 
or shaft side of the head and the outer extremity of the toe or toe side of the head- when the base of the head of the stick is m 
contact with the ground end the hendle held vertically. 

The height (T) of the toe is the vertical distance from the ground to the highest pert of the toe or heed when the base 
of the head of the stick is in contect with the ground and the handle is held vertically. 

' Referring now to Figure 4. the forwerd displacement <Cf) is the generally horizontal distance perpendiculer from a line of 
continuation of the upper part of the inner edge 5 of the shaft and the furthest point of displacement of the inner edge 5 of the shaft 
towards tha toe which results from a forward curve. Cf is usually zero. 

The rearward displacement <Cr) is the generelly horizontal distance perpendiculer from e line of continuation of the upper 
part of the outer edge 6 of the sheft 2 and the furthest point of displecement of the outar edge of the sheft eway from the toe 
which results from a rearwerd curve. Cr is often zero. 

From G end H a further value known es the gape playing angle (a) moy be calculated. This is the eng. of inclination 

atwhtcfrthenatnfteotd.slicfrneedtto 
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01 )dge in contact with the ground, to bring a section of the ball firmly into tha gape circle; a may typically be from 30° to 60° 
and is unique for a particular gape/gape height arrangement. 

Referring to Figures 5 and 6, once the gape playing angle (a) has been determined it is possible to measure two further 
important factors, the playing surface toa extension (PSTE) and the circumference of rotation (Cor). The reverse stick rotational 
5 contact point (RCPr), as demonstrated in Figure 6, is the. contact point of the stick with the ground when the stick is held at the 
gape playing angle la) in the reverse stick position. The open stick rotational contact point (RCPo) is the equivalent point on the open 
stick. 

The playing, surface toe extension (PSTE) is the distance, parallel to th* ground but at * height of 4cm above th* ground, 
that the toe extends past the RCPr. 
10 The circumference of rotation (Cor) is the distance, measured around the outside of the head, between the RCPr and the 

RCPo, i.e. the length of the surface in rolling contact with the ground as the stick is twisted from open stick to reverse stick when 
held at the gape playing angle a. 

I have conducted an extensive analysis of the dynamics of hockey stick and ball interaction and have discovered two 
predominant effects which influence holding and control of the ball by the stick and the gape circle. I have termed these effects 
15 "riding-over" and "squeezing out". 

Any means of manoeuvring the bail in the gape circle requires a horizontal force, parallel to the ground, to be applied to 
the ball. If the force applied to the ball is purely horizontal then the ball will roll freely in the direction implied by the stick. However 
the force on a ball is rarely applied purely horizontally when catching the ball and in general the force includes downward as well 
as lateral components. The downward force gives rise to friction which can be problematic, as discussed below. 
20 When a substantial element of friction occurs and the force from the stick is applied at a high angle from the centre of 

the ball the stick may ride over the ball leaving it behind. Conversely if the force is applied et a generally low angle to the baH the 

pressure applied to drive the bail through the frictional resistance may result in the bell being squeezed out in an uncontrolled fashion 

s 

when it does eventually move. 

The sticks that exhibit this "catching" effect can initially be subdivided into four types, those that exhibit both riding-over 
25 and squeezing out, those that exhibit one or the other and those that exhibit neither. A fifth type can also be identified where the 
major proportion of the gape circle lies above the highest extremity of the toe and contact between ball and stick is restricted to two 
lateral areas on tha shaft and toe. I have named these different means of catching; Encompassment, Cradling, Trapping, Cupping and 
Dragging; and these are dwcussed in greater detatf ' below. 

Dregoino 

30 In this method the bell is provided with a lateral force from behind by the toe of the stick and a guiding force from the 

left by the inner edge of the shaft as demonstrated in Figure 10. However little if any guiding force is provided to the right of the 
ball and no restraining force is present to keep the bell in position. The action is generally performed with the edge of the toe and 
the edge of the shaft, there being no contact with the inner edge or face of the head. This method can commonly be performed with 
state of the art sticks and does not form part of the invention, except where a rearward curve in the shaft is present which provides 

35 for contact between the gape circle and stick spanning 180° or greater thereby providing right sided guiding forces and a rearward 
restraining force. 

Cradlino 

In this method the ball is provided with a horizontal force from behind end with guiding forces from the edges of the limbs, 
of the he8d; simuHaneoustrfronr the left ami- right of The most important feature is thatthrtowest' 
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r of contact between stick end bell is below the helf-height line on the ball. The bulk of the bell thus prevents the heed from 
climbing above the bell and as such this method hes few if any problems with riding-over. Nevertheless the leek of a restraining force 
from the front results in problems with squeezing out particularly where eny attempt is made to change the direction of movement 

of the ball. 

Cupping 

Hare, when the gape errengement is used with the head in contact with the ground, all of the forces applied to the bell 
act upon the upper rear quarter of the ball as shown in Figure 12. As such the horizontal driving force is e resolved element of these 
forces and is of similar mapitude to the downward resolved etoment. Hence the frictional resistance offers considerable opposition 
to the driving force, resulting in the possibility of both riding-over and squeezing-out. The user may overcome one or the other problem 
by raising or lowering the handle. Raising the handle wiH free the bad helping it roil and preventing riding-over. Lowering the handle 
will force the head off tf» ground end subsequently the gaps circle may pass the highest point on the ball, thus providing a backwards 
restraining force to prevent squeezing-out. which I term "eleveted encompessment". Elevated encompassment suffers not only from 
requiring a lower angle of play making control uncomfortable end more difficult but it also suffers from heving no contect with the 
ground, which normally provides the user with a guide to ensure correct positioning and a consistency of playing effect in the process. 
The greater the attempt to avoid either riding-over or squeezing-out, the more the other is encouraged. The user of sticks with such 
gspa arrangements will require a raesonably high level of skiH to judge the accurate angle of play required by e ball on any particular 
surface and good reections to assist in overcoming misjudgments or chenges in surfece friction. Obviously the closer such 
arrangements ere to trapping, cradling, or encompassment arrangement the less the required skill to provide accurate pley. 
Trapping 

In these errangements the gepe circle is provided so that whilst the head of the stick rests upon the ground the highest 
point of the bell falls just within the gape circle es shown in Figure 13. Hence these sticks allow a backward constraining force to 
be applied in such embodiments that have a curve in the sheft or e recumbent pert to the toe. Such a force reduces or etiminetes 
the problem of squeezing out. Nevertheless the general application of the forces applied in these arrangements are in the upper 
section of the reer quarter of the bell producing a substantial downward forcB end a considerably less substantial horizontal driving 
force. Hence these errangements may exhibit problems with riding over. In such circumstances this may be ameliorated by raising 
the hendle which would result in loss of restraining control. On the other hand sticks of such arrengements can provide an 
encompassing effect when tilted to the side, or another lessor angle of the ball. At these inclinations, assuming a substantial toe 
has been provided with a recumbent element and a cuto has been provided in the shaft, the Height of the Gape effectively becomes 
the width of the tpe or shaft plus half the gepe. This reduced height allows forces to be applied from balow the ball whilst a 
restraining effect is provided from above by either the shaft or toe opposite. As such a "mock encompassment" effect is produced. 
The manoeuvrability of the ball may be hempered by the problems experienced when the ball is played straight en. nevertheless the 
configuration does provide benefits. 
Encompassment 

In such arrengements the stick meets the ball both below the half height line and pest the meolan line and as a result the 
skill requirement of the player is substantially reduced as the ball is also comfortably retained within a combination of left end right 
sided guiding forces (see Figure 14). Where e recumbent element to the toe and a curve to the shaft are provided, these provide 
further restraining forces acting backwards from the left and right sides. As such the ball can be fully encased end still be ellowed 
to roll freely when encompassed by the head es in e bob and socket joint Such arrangements ere termed "absolute encompessment". 
see Figure 15. In its lesser embodiments the arrangements of encompessment es presented in Figure H. uimse the curve of the 
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sir i provide a left sided restraining force only. 

I have subjected these arrangements to geometrical analysis to investigate their characteristics in greater detail. I would 
however emphasize that the geometric analysis below indicates optimal characteristics of preferred embodiments of the sticks, but 
that the invention extends broadly to sticks which, whilst not possessing one or more of the ideal characteristics set out below, still 
fall within the scope of the Claims, and as such possess unique beneficial and distinctive properties compared to prior art sticks* 

Referring now to Figures 16 end 17, these represent line drawings of the head and toe portion of a hockey stick with the 
gape circle catching the ball. It is possible to show from such diagrams that 

H sine • (R costsin l <6/(2R})}] coso « R Eqn (1) 



a - sin ' (Rf(H r +(Rcos(sin 7G/(2R)))) 2 ) 05 ) 

♦ tan ' ((Rcoslsin 1 (G/(2R»M/H> Eqn (2) 

where a - Gape playing angle of stick relative to 
ground 

15 H - Height of Gapa 

R - Radius of Ball 
G - Gape dimension. 

To facilitate absolute encompsssmem and alleviate squeezing out, a recumbent element may be provided in the toe to hold 
the ball firmly. An effective recumbent element would reach approximately a quarter of the gape diameter (G) above the centre of 
20 the Gape circle. To fit within the toe such a distance should be less than the height (T) of the toe. Hence to facilitate absolute 
enc ompsssmen t: 

T > H ♦ G/4 Eqn {3) 

where H- Height of Gape. 

25 To allow for the stick to be able to hit, stop, push, dribble, etc. the ball, the minimum facial width F (fnnJ (i.e. the minimum 

width of face that will allow the ball comfortably to be played) should be no smaller than the height of the centre of the bail (R). 
It is wise to provide an allowance for wear and error and in general F^>R+ 0.5cm. The space below the gape available to 
accommodate the face is the height of the gape (H) leu half the gape diameter (G);(H - G/2J; Hence in all aspects to accommodate 
an effective face:- 

30 H . G/2 > R Eqn (4) 

The effects of riding-over can be alleviated if the base of the gapa is applied to the ball below the half height line on the 
ball, that being R above the ground. By geometry, the base of the gape can be shown to be applied et a height from the ground of 
((H-G/2) sin c). Hence where 

(H • G/2) sin a < R Eqn (5) 

riding over can be alleviated and cradling or encompassment can be achieved. Where however the location of the base of the gape 
circle is greater than 5cm If^) (maximum allowable facial width) up the stick it is impossible for there to be contact between the 
inner edge of the head and the base of the gape circle. In these circumstances the lowest contact point of the gape circle with the 
inner edge of the head must lit below the half height line to ensure riding-over ii alleviated. The estimated location of this point is 
G 2 / 4(H • f {m J below the centre of the gape circle and hence through the formula: 
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R > (H • G* WH F^) sin a E,n (6) 

the ability to overcome riding-over can be determined tor these higher values of gepe height. 

To alleviate squeezing out the toe should provide e recumbent section that passes the medien fine on the ball. To do so 
the top of the gape circle must pess the median line on the ball. The distance from the base of the head to the top of the gape 
circle is half the gape diameter plus the height of the centre of the gape (H ♦ GI2I. By geometry it can be shown thet the distance 
up the face to the medien line of the bell is (L tan a * H), where L is the perpendiculer distence from the feee of the stick to the 
centre of the ball. Hence to overcome squeeiing-out and eUow for trapping or encompassment: 
H + G/2 > I tan a +■ H 

„ n,. Eqn (7) 

.'. G > 2Ltan a M 

Further tneUeviate squeezmg out end provide absolute e ntunip as sm e n t the top of the toe must pas* the medien fine on 
the ball so as to allow for a gepe to be provided et this position. Hence to provide absolute encompassment: 

u Eqn{8) 
T > Ltan a * H 

No gape cen be provided if the height of the toe IT) is less then the height of the base of the gape circle H • GI2. Hence 

to provide any catching effect: 

T>H.G/2 E ' n(9 ' 
For the gepe to be effective in trapping the ball it cannot exceed the diameter of the ball: 

„ on E i n - iro 

G < 2R 

These requirements can be represented graphically through linear programming techniques. Plotting G versus H in Figure 
18 we cen initially show the reelms of the four primery means of cetching ere initially demonstrated by plotting the inequelities (H • 
G/2) sin a < R (Eqn (51) end 

R> |H-G' m **J) »n a (Eqn (6)) which define free flow movement end overcome riding-over along with G > 2Ltan a (Eqn (7)) 
which defines an applicable restraining force and overcomes squeezingout. 

To this diegrammetical study the features of maximum gape (G < 2R) (Eqn (10)). the minimum toe length 
IT > H • GI2) (Eqn (9)). and minimum beneficial face (H - GI2 > R) (Eqn (4)) can b. edded easily es in Figure 19 with an 
understanding that the rules provide for a ball of radius approximating 3.5 cm and limit the toe to 10cm At Figure 20 a range of 
prior art stick, are plotted on the chart, together with embodiments of this invention, from which it will be seen that all the 
represented prior art sticks have gapes (G) less then 3cm whilst the embotfemnts of this invention have gapes (G) greeter then 3cm. 
It will also be seen that aH the prior art sticks lie at the lower porfoirof the lower right hand quadrant labelled 'cupping", whereas 
the majority of embodiments of this invention lie in the upper left and right quadrants labelled "encompassment" and "trapping" 
respectively. 

The feetures of T > Ltan o + H (Eqn 8)). and 
T > H + G/4 (Eqn (13)) both relate to the provision of absolute encompassment. To achieve absolute encompassment a stick must 
fulfil all the features of encompassmenl and these two letter features. It cen be shown from such , linear pr^emming investigetion 
that to achieve absolute encompassment the Gepe Height may not exceed 8.5cm end the height of the toe must be et leest 8 cm 

The preferred sticks of this invention show a further chotacteristic which I have termed -circulation", this effect is made 
possible by the ability of the stick to hold the ball in a catchmg effect with the ball lying between the shaft end toe of the stick 
whilst the head of the stick is held face down. If the stick is rotated from reverse to open stick end vice-varsa around the bell, as 
aown in Figure 21. with the hud in contact with the pleying surface, the stick is not ground* on the bell whilst passing the face 
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co- tably play the ball. What is mora these embodiments do not require the handle to be raised, lowered or moved laterally in any 
combination to allow the circulation action to clear the ball nor does the circulation action cause the ball to be moved by the head 
as it rotates round its own outer edge. 

The ability of the stick to provide the circulation effect can be identified through a series of measurements and calculations 
taken from the face of the stick. The measurements and "H M allow the reader to determine the gapa playing angle "a\ From 
V. the circumference of rotation ("Cor") and the playing surface toe extension rPSTE") can be measured or calculated from the 
face ot the stick as shown in Figure 5. 

From Figure 22 it is dear that the entirety of the semicircle of rotation ("Cor") (i.e the notional tine of contact traced out 
by rolling contact of the outer edge of tha head during circulation) must lie behind the ball to prevent collision of the stick and ball 
in the circulation process. 

Figure 6 demonstrates that the distance 'PSTE' needs to be at least as long as the radius of the ball to provide a playing 
surface to meet the ball at the reverse stick end of the circulation process. Producing a stick with a PSTE of close to 3.5 cm would 
require absolute accuracy of play and provides no margin for error, and so a more reasonable margin for error might be incorporated 
through a PSTE of 4.5 cm. 

Figure 22 also demonstrates how the diameter "Dor" of the semicircle of rotation must be greater than the diameter of 
the ball to prevent tha circulation process ending in collision between toe and ball. Thus "Cor" must be greater than the radius of 
a ball multiplied by the n, and so Cor must exceed 11 cm to clear the ball in circulation. Once the diameter of rotation exceeds the 
diameter of the ball, a larger air space will exist between the ball and the stick at each end of the action. A small air space is 
desirable to alleviate small inaccuracies in movement but a large air spaca presents the stick at too large a displacement from the 
ball to support effective and prompt control of the ball in the dribbling action. Hence a value of Tor' marginally above 11 cms is 
beneficial. 

Where the centre of the gape is substantially offset from the spatial axis, much as in a dragging action during any attempt 
at the .circulation process the toe will be driven into the ball on the reverse stick side and the shaft left at an unplayable distance 
from the ball on the open side. Hence circulation would seem impossible from the dragging position, which is a common means of 
catching in existing sticks. 

Figure 28 demonstrates how existing sticks all have their most effective gape circle arrangement located extremely close 
to or above the top of the toe. The further a stick lias above the line H-T (H -height of gape circle; T-Toe height) the greater the 
potential PSTE and the more valuable the circulation ability is likely to be. Hence for circulation: 

H < T Eqn(11| 

As an alternative to measurement of the Tor' and 'PSTE' values, I use the simpler values of width of head 'W* and height 
of toe T as shown in Figure 3 to calculate an approximation of PSTE and Cor. The heads of most hockey sticks have an outer edge 
that approximates to a semicircular form or part thereof and, in such cases, the circuletion potential (Cor) may be estimated from 
the width of the head (W) and height of the toe (T), using the value of the playing angle *d derived from 'G # and 'H'. Figure 23 
shows the basis of the calculations that define approximate values of 'PSTE' and 'Cor' in terms of 'W', T and '& . 

As previously shown, to achieve circulation, Tor' must be greater than rr x R, which leads to the following approximation 
in the terms of gape playing angle (a) and width of head (W) and radius of ball IR): 

080.2o)WnB0 -< 2R E *< 12 > 

This inequality is exempiifted in Rgure 24 which also demonstrates the minimum height of toe T^ required to produce a 
PSTE of 3.5 cms (i.* typtcafr baTradms) at any- arran g ement of 'W ami 'of, resulting from the approximation: 
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•E(t) a «W/2-F ( J»no+(T • WI2)Wcos a Eqn 1131 

The value fs the lowest value that could possibly work based on the appropriate W end a arrangement. However eech 
of these represent a series ol G and H errangements all of which will have a toe height requirement, greater than and in meny 
cases substantially so. 

Figure 24 suggests that under the current rules, free circulation of the head around the ball requires a gape playing angle 
(a) less than SO 9 , a width of head (W) greater than 1 1.65 cm and a toe height (D substantially in excess of 7.25 cm if a reasonable 
margin of error is to be provided for. However these factors are interreleted with greater gape playing- angles (a) requiring greater 
wrdthrfW) and lower ptaying angles la) reqwrimjfarger toe heights fT). The lowest head widths are achievable at approximately 35* 
of playing angle (a) and require a minimum toe height (Tl of 7.65 cm. However small head widths (W> necessitate substsntially 
reduced facial widths (F) to allow for the required gape (G) to he accommodatei Thus, widths (W) of less than 1125 cm can only 
be achieved by substantially reducing the facial width IF) of the limbs of ttm heed and subsequently detracting from the value of the 
resulting head shape. 

In Figure 25 the features of the embodiments of sticks of this invention are compared with those of the prior art. The 
head width basis of analysis is an approximation and as such sticks that possess substantial straight sections 22 as in Figures 33 
& 34 which are angled to the vertical at a lesser angle than the playing anglefo), as determined by the gepe (G) and gape height (H), 
can appear by calculation, using the width (W) of the head method described above, to provide circulation but in feet do not. Figure 
25 shows two locations for the sticks from Figures 33 & 34 based on the width estimation method (solid lines), end a more eccurete 
calculation of their abilities (dotted lines). The greeter the engle of such straight sections and the longer their length the greeter the 
chence of the celculetion proving inaccurate. Conversely sticks which are truncated on their outer edges above the rotetional contact 
points RCPo and RCPr as in Figure 36 may suggest via calculation that they do not possess e greet enough width of head for 
circulation but in fact thBy are fully capable of performing the effect. Similarly Figure 25 shows two vetoes for the stick in Figure 
36. Hence it is much safer to meesure the Cor accurately than to rely on the width measurement which is only provided es s rough 
guide. 

In a generally semicircular head the width ol the head (W) approximates to the gape (G> plus two times the width of the 

face IF). 

W - G ♦ 2F E " n (14) 

The width of the law IF) can reasonably be expected to vary between 3.5 cm and 5 cm (F„J. The lowest width (Wl 
measurement is defined by the line 2R - HOT- 2o»WfT80; the fewest possible gaps (61 cwr be define* es no less than W 
Hence, as seen in Figure 27, a new inequality can be introduced to our GepelHeight graph of 'Catching Means' which dictstes the 
absolute meximum possible extent of circulation 

2R >(180-2oHG* 10)1180 E <" (15 > 

The inequality H < T (Eqn (111) and this new inequality (Eqn (151) are shown in Figure 2. An investigetion of this new 
graph shows that where the circulation feeture is present, the Cradling field becomes very limited and the Cupping field is markedly 
reduced. 

Widening the head or lengthening the toe may adversely effect the balance of the stick. This imbalance can be redressed 
by inserting a rearward curve in the shaft of the stick, which also allows for the provision of a shaft which contacts the gape circle 
above its centre, thus improving its ability to hold the ball in the gape circle. 

Widened heads- increase the chance of the ball passing beneath the shaft in a reverse stick Mock, and this too can be 
alleviated by introducing a rearward curve its the shaft 
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Figure 4 demonstrates that where: 

F M «2R > W-Cr-Cf Eqn (16) 

F |J0M) - is the maximum allowable facial width, 5 cm 
R - radius of ball 
W - width of head 
Cr - rearward displacement as indicated on 
Figure 4 

Cf - forward displacement as indicated on Figuia 4 
a ball will not pass beneath the stick when laid flat on the reverse side. 

As the width (W) approximates to the. gape (G) phis two times the faciei width (R, W s 6 ♦ 2F. (Eqn (17)1 where no 
deviation in the shaft occurs it can thus be shown by substituting Eqn (17) into Eqn (16), that G < ti nmi + 2R • 2F: ensures a 
successful reverse stick block facility. Where the fecial width <F) in the head is minimised at 3.5 cm, an absolute maximum value 
of gape (G) of 5 cm can therefore be derived, above which a straight stick will prove incapable of presenting an effective reverse 
stick block. This is a substantial restriction upon the value of the features of catching and circulation, especially when it is 
considered that a more reasonable facial width in the head of say 4.5 cms would reduce the maximum gape compatible with a reverse 
stick block to 3 cms. 

Hence as the sticks of this invention ali incorporate heads of generally enlarged width, it is much preferred that the sticks 
also include a rearward curvature to provide a reverse stick blocking effect. 

The catching and circulation effects introduced in the embodiments of the invention require a widened head and heightened 
toe, and this has the added benefit of an enlarged ploying area. An enlarged playing area can accommodate inaccuracies of use by 
the player or slight vertical or horizontal deviations in movement of the ball without the ball passing the stick. 

A further benefit of the enlarged playing area is that the stick has an improved lateral dimension or playing surface. When 
held in the open or reverse stick position with the handle at an inclination of approximately 45° to the ground, the length of the head 
parallel to the ground which could be used to stop the ball on the ground is known as the playing surface. The result of the 
substantial toe provided to facilitate the catching and circulation effect subsequently results in an enlarged playing surface. 

In providing for the circulation effect it is advantageous to centralise the gape as far as possible below the axis of the 
handle and above the lowest point of the circular element of the outer edge of the head (the end of the spatial axis). Hence in 
embodiments of this invention, the extended toe is preferably balanced about the axis of, the handle and subsequently the provision, 
of an extended playing surface and enlarged playing area do not unnaturally effect the balance or performance of the stick in rotation 
and in fact the end result is an improvement in the dribbling action. 

Referring now to Figures 29 to 39, there are illustrated various embodiments of hockey sticks of this invention, each having 
a reerwardly curved shaft 2 to define a head with a generous gape (G) (as herein defined). In Figures 29 (a) to (c) the head 3 is 
formed of a plurality of laminar elements 30 which extend in planes generally parallel to the playing surface of the stick. Selected 
laminar elements are cut away or recessed to allow reinforcing elements 31 to be inserted. The reinforcing elements 31 may typically 
be made of a reinforcing material such as carbon fibre, glass, or mineral fibre, or synthetic fibre material. 

Referring now to Figures 30(a) to (c), in this embodiment the overall shape of the shaft 2 and the head 3 are similar to 
that of Figure 29 but here the stick is made of laminar elements 32 which extend in planes generally perpendicular to the playing 
surface, generally following the. line of the curve of the heal Between selected laminar elements 32 are interposed reinforcing 
elements* 33 made of a r et or tin g material similar to those listed m ronroctioff with Figure 29. 
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Referring now to Figures 31 to 39. it is emphasized that any dimensions ate given by wey of eiample only and are not 
intended to limit the invention. All of the embodiments illustrated have a shaft with a rearward curve 17. In Figure 31 the gape 
20 is of distended form and there is a large toe height (T). In Figure 32 the gape 20 is more circular in nature. Figures 33 and 34 
show v shaped gapes 20 both having a forward curve 18 in the lower portion of the shaft, before it meets the head. 

In Figure 35. the shaft 1 has a forward curve 19 before the reerwerd curve 17, thus providing a knee 22. Figure 36 
illustrates an arrangement where the heel end toe have been truncated as indicated et 21. Figure 37 shows en arrangement with 
a rearward curve 17 and a forward curve 18 end a modified form of distended gape. The shaft is also offset as shown. Figure 38 
shows an arrangement where the free end of the head tor toe) is closely spaced from the opposite inner face of the shaft. Figure 
39 shows a further embodiment of hockey stick with a pronounced 'knee* 20. Figures 40(a) and (b) show an arrangement in which 
the head is cut away at 40, adjacent the toe. 

The illustrated embodiments possess one or more of the following advantageous features. 

Ball catching 

The ball may be covered with part of the inner edge of the face whilst the stick is held face down, potentially allowing 
the ball to be moved whilst under control, changing its direction freely and ssfely through changes in the tilt of the shaft without 
losing the ball through either "squeezing out" or "riding over". The ball may also be drenged, giving power to a pass on the ground 
that has marked accuracy, as commonly used in putting out penalty corners. The catching action also has marked benefits in the 
stopping element of penalty corners and further can be effectively used to collect and prise the bell away from opponents in tackles. 
Circulation 

The head of the stick may be rotated around the ball whilst in continual contact with the ground, without disturbing the 
ball or changing the spatial location of the hendle in the action. This ebility consequently provides e greatly improved dribbling attion. 
Enlarged olavino area 

This achieves en increase in the area through which a ball will not pass, providing obvious adventages in collecting balls 
that are travelling ebove the surface or are bouncing. It improves one touch shooting in the circle and aids the attributes of flicking 
the ball and throwing aerials. Such an enlarged playing area is highly advantageous for the goal keeper who often has to contend 
with balls in the air and for whom small errors in judgement can be devastating. 
Improved balance of olavino surfaces 

This gives excellent control on both open end reverse sides designed tor maximum velue when the handle of the stick is 
held at between 35° and 55* to the ground. Combined with e comfortable weight distribution that brings to close proximity the three 
axes of rotation. In preferred embodiments of this invention, all three exes fell within 1.5 cm (as opposed to 4.5 cm in prior art 
sticks), with the axis of balance and axis of handle being practically identical. This makes the rotational handling superb, giving a 
"natural" feel to the stick in the hands. 
Improved reverse stick olavino skids 

The actions of receiving the ball on the reverse, hitting end passing the ball on the reverse, lifting the bell on the reverse, 
chipping the ball on the reverse, throwing eeriel balls on the reverse, flicking from the reverse, stopping in a block fashion on the 
reverse side or as a dead stop during penalty corners, are greatly facilitated. 
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Abbreviations used In this Specification 

a - Gape playing angle (angle of inclination of the handle with the ground when the ball is held in a 

5 catching arrangement); see Figure 6 

- minimum playing angle that wiH present the centre of the Qape circle at a height R above the ground; 
refer Figure 24 

B m height relative to ball at which the base of the gape is presented to the back of ttw battr see Figtro 

16 

1 0 Cf - Forward displacement of toe relative to inner edge of shaft; see Figure 5 

Cor - Circumference of rotation; see figure 5 

Cr - Rearward displacement of head relative to outer edge of shaft; see Figure 4 

D - Distance from base of stick to bese of ball when held in a catching arrangement; see Figure 17 

Dor - Diameter of rotation; see Figure 22 

15 E - toe extension; see Figure 23 

F - facial width; see Figure 5 

f {wmi - maximum width of face - 5cm 

F w - minimum width of face that will allow bail to be comfortably played, taken to be R+ 0.5cm 

G - Gape; see Figures 3, 8 

20 G^, - maximum gape, at any given playing angle, that will provide sufficient face at the base of the stick 

to consistently play the bail; refer Figure 24 

Q {tm) ^ \ - minimum gape, at any given playing angle, that will provide a cradling or encompassment effect; refer 

Figure 24 

25 GfH - the distance up the face of the stick to the most laterally displaced part of the inner edge resulting 

from a forward curve; see Figure 5 
H - Height of gape; see Figures 1 8 

L - perpendicular distance from face of stick to- centre of ball when the ball is held in a catching 

arrangement; see Figure 16 
30 PSo - Open stick playing surface; refer Figure 6 

PSr - Reverse stick playing surface; refer Figure 6 

PSTE - playing surface toe extension; see Figure 6 

PSTE(s) - shaft sided estimation of PSTE based on the playing surface ending on the outer edge; refer Figure 6 
PSTE(t) - Toe sided estimation of the PSTE based on the playing surface ending on the edge of the Toe; refer Figure 6 
35 R - radius of hockey ball, typically 3.5cm 

RCPo - Rotational contact point (open stick); see Figure 23 

RCPr - Rotational contact Point (reverse stick); see Figure 23 

T - height of Toe; see Figure 3 

T [ m i] • toe length required to' reach* the median" line of the baffr 1 see figure* T7' 
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Tj . rwnimum height of toe at eny given arrangement of width and playing angle, that will provide a 

sufficient face at the reverse end of the circulation to play the ball; refer Figure 24 
V - vertical height of top of toe when stick is inclined at a°: see Figure 16 

W - Width of head; see Figure 3 

Formulae emphyad in anilvsit of preferred embodiments, b v reference to relevant flgnrat. 

Figure 4 

W-F+Cr+CF+Space Space - W-FXrCf 

If -Space" is greater than 2R, the Halt witt pass: beneath the shaft in a block reverse stick tackle. 

Hence for effective block reverse tackles 2R>W F.Cr Cf. Where CfHT>2R the above formula will not hold true and in 
circumstances such es this and those circumstances where no forward curving element exists or the forward curve occurs a distance 
less than 2R vertically above the toe, the following inequality applies 2R>W.F.Cr. 
Fioure 6 

Theoretics] Formulae 

For positive circulationrPSTE > R (i.e. sufficient extension of the toe past the rotational contact point should be provided to play the* 
centre of the ball at R+0.5cm$ above the ground when the stick is inclined at the encompassment playing angle of o) 
Reverse Stick Playing Surface {PSr)-PSTE(t)+PSHE 
Open Stick Playing Surface (PSo) ~PSTE(s(*PSHE 

Geometric Formulae 

Dor - Corto Cors/7W(180-2a)J18Q; 
/. Dor a W(180-2a)M80 
PSTE s ltW/2F^)sinaHT.W(2»/cosa 
Figure 16 

Theoretical Formulae 

H-6/2 > F^ (i.e. the facial width of the base of the stick should be no smeller than the radius of the ball plus an allowance for 
wear and error, to allow for hitting, pushing and stopping of thrbaH m open ptayt 
T > H+G/4 

(i.e. for Absolute encompassment a recumbent element should be provided in the toe to hold the ball firmly) 

B~ £R .\ (H.GI2)sina~ £R G.e to overcome Squeezing-out the base of the gape should be applied at the half height line of the 

ball or below) 
Geometric Formulae 

H sinaL cosa- R a - sin^RKH^LW+tan-'lUH) 
e-sin , (GI(2R)) L-Rcos0 B-(HGI2)sina 
FjaureJ7 

Thaaratical Formulae 

For complete encompassment: 

H*Gf2>T w-) (La- top of Gape passes median fine of baW 
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Therefore: 

H+G/2>ltana+H G>2ltana 
Geometric Formulae 

a-sin WWVtanU/H); 0-sin'(G/(2R»; L-Rcos0 
5 T^-Ltana+H 

Figure 22 

Theoretical Formolae 

For positive circulation: 

a The whole semi-circle of rotation must lie outside the bounds of the bail. 

b The diameter of the semicircle of rotation (Dor) must be greater than the diameter of the ball (2R). Oor>2R 
c The extent of the toe at 4cm height off the ground when inclined at the playing angle fa) on the reverse stick (PSTE) 

must be greater than the radius of the ball (R). PSTE > R 
e The Circumference of Rotation (Cor) is the distance around the outside edge of the head between RCPo and RCPr 

Geometric Formulae 
Dor-Cor/rr 

Corsi7tf|180-2o)f1«0 

DorsWf180-2o|/180 
Fioure 23 

Theoretical Formolae 

In all experimental cases 'PSTE(t)' has proved the more accurate approximation of PSTE. Where 'PSTE' is defined as equal to 
'R'(3.5cm) the minimum toe height T w ' for circulation can be determined for the complete range of playing angles. 
The Circumference of Rotation (Cor) is the distance around the outer edge of the head from RCPo to RCPr; for a generally circular 
head this distance approximates to tfW(180-2a)/180 
Geometric Formulae 
a-sinWHVVtan'lUH) 

9 - sin 1 (GH2RM L - RcosG T-E+W/2 

PSHEs(4W.F(J 2 ) 0S 
30 PSTE s the lesser of: 

PSTE(t) a ((W/2-F U)«no+ (TWJ2))/cosa, or 
PSTEJsJstF^+llW^-F^lll-cosoJH/stna 
Cora/7W(180-2aM180 
Figure 24 

35 a Wa) is defined by a^-sm^R/H^ where H^-T^+G^ 
G ((rW is defined by the intersection of H-T (IBtl , and 
HsinaLcosa-R 
G^ isdefinedby.thri^^ 
Hsina-txosa-R 
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T M i* defined by PSTE(tf-R 

.-. Rs{(WI2(R+0.5))sina*(WWI2))lco$o 
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Claims 

1. A hockey stick having a maximum gape (as herein defined) of at least 3 cm between the limbs of the head and the 

shaft. 

2. A hockey stick as claimed in Claim 1, wherein the head has a curvature of at least 140°. 

5 3. A hockey stick as claimed in Claim 1 or Claim 2, wherein the maximum gape is at least 3.5 cm. 

4. A hockey stick as claimed in Claim 3, wherein the maximum gape is approximately 5.5 cm. 

5. A hockey stick as claimed in Claim 1 or Claim 1 having at least one gap* circle with a- gape (6) and a gap* height 
(H) in accordance with the following relationship: 

B > 7.7 . 2H/5 

10 6. A hockey stick as claimed in Claim T or Claim 2, having at least one gape circle with a gape (6) and a gape height 

(H) in accordance with the following relationship: 

6 > 7.65- 4H/11 

7. A hockey stick as claimed in Claim 1 or Claim 2, having at least one gape circle with a gape 16) and a gape height 
(H) in accordance with the following relationship: 

15 6 > 10.3-4H/5 

8. A hockey stick as claimed in Claim 1 or Claim 2, having at least one gape circle with a gape (G) and a gape height 
(H) in accordance with the following relationship: 

G > 5H/6 ■ 1.25 

9. A hockey stick as claimed in Claim 1 or Claim 2, having at least one gape r wherein the gape (G), the perpendicular 
20 distance (L) from the centre of the gape circle to the centre of a notional hockey ball caught by said gape circle, and the gape playing 

angle (a) (as herein defined) are selected in accordance with the following relationship: 

G > 2 L tan a 

10. A hockey stick as claimed in any preceding Claim, wherein the toe height (T) (as herein defined) is greater than 8 

cm. 

25 11. A hockey stick as claimed in any preceding Claim, wherein the overall width of the head (H) (as herein defined) is 

greater than 115 cm. 

12. A hockey stick tt ctatmed in 8ny preceding Claim, wherein the circumference of rotation (Cor) on the outer edge of 
the head between the open stick rotational contact point (RCPo) and the reverse stick rotational contact point (RCPr) (as herein 
defined) is greater than 1 1 cm. 

30 13. A hockey stick as claimed in any preceding Claim, wherein the playing surface toe extension (PSTE) (as herein defined) 

is greater than 3.5cm and more preferably greater than 4.5cm. 

14. A hockey stick as claimed in any preceding Claim, wherein the stick incorporates a rearward curve in the region of 
the stick adjacent the merger of the shaft and the head. 

15. A hockey stick as claimed in any preceding Claim, wherein the stick incorporates a forward curve in the region of 
35 the stick adjacent the merger of the shaft and head. 

15. A hockey stick as claimed in any preceding Claim, wherein the facial surface of the head has an inclined or shallow 
conical profile. 

17. A hockey stick ardsnrod m Oaim IS, wr«rem the en^e or angles of inclination of sad surface tea notional vertical 
plane lie in the range of up to 20°. 
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18. A hockey stick as claimed in Claim 17, wherein said angle of inclination lies in the range of from 5 to 15°. 

19. A hockey stick wherein et least the head is formed of a plurality of laminer elements of one meterial having interposed 
therebetween reinforcing elements of a reinforcing material. 

20. A hxkey stick ss claimed m Claim 19, wherein said laminar elements extend in planes generally parallel to the playing 

surface of the stick. 

21 . A hockey stick as claimed in Claim 19, where* said laminar elements eitend in planes generally perpendicular to the 
playing surface, and generally follow the line of the curve of the heed. 

22. A hockey stick as deimed in any of Cleims 19 to 21. wherein said reinforcing materiel is selected from the group 
comprising carbon fibre material, glass or mineral fibre material, and synthetic fibre materiel, such as quartz aramid fibre. 

23. A hockey stick es claimed in eny of Claims 19 to 22, wherein said reinforcing elements extend ecross substsntielly 
the whole of the width of the leminar elements. 

24. A hockey stick es claimed in any of Claims 18 to 21. wherein said reinforcing elements are at least partially received 
in recesses in said laminar elements and extend ecross only pert of the width thereof. 

25. A hockey stick having an emerged heed region incorporeting the stick heed, the head region being shaped and 
dimensioned with regard to the diameter of a standard hockey ball such that from a position in which the stick is pieced fece down 
on e hockey bell with the lowermost portion of the outer edge of the head on the ground, the stick may be twisted purely in on. 
*nse to an open stick playing position end in the other sense to e reverse stick ploying position, in each case with the outer edge 
of the stick in rolling contect with the ground end without significently disturbing or encroaching on said hockey bell end without 
substsntielly altering the gape playing angle a or the axial position of the stiek. 
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Fig. 16 
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Fig. 17 
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Fig. 29a 
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Fig. 29c y Fig. 30c 
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